BACKGROUND: Hyperglycemia is recognized as an important threat to the health of patients, independent of diabetes status. However, no long-term follow-up study of patients with in-hospital elevated glucose without diabetes has been conducted.
OBJECTIVE:
To compare 1-and 5-year risk of death and cardiovascular (CV) complications in patients with a diagnosis of diabetes versus those without a diabetes diagnosis DESIGN: Retrospective cohort study.
METHODS: Risk of all-cause death and CV complications (acute myocardial infarction [AMI], congestive heart failure [CHF], cardiovascular disease [CVD]
, peripheral vascular disease [PVD] , and end-stage renal disease [ESRD] ) in those diagnosed with diabetes versus those with different glycemia categories was determined using competing risk models.
SETTING/PATIENTS:
All adult patients from a tertiary hospital discharged alive between 1996 and 2008 from any service except psychiatry or obstetrics.
RESULTS: Compared to patients with diagnosed diabetes, patients with peak serum glucose level >200 mg/dL had significantly higher 1-year risk (hazard ratio 
CONCLUSIONS:
Although it is unclear whether hospitalized patients with elevated peak serum glucose have early diabetes or their hyperglycemia reflects hospital stress or another comorbidity, in-hospital hyperglycemia is an important clinical indicator, carrying a higher 1-and 5-year mortality risk than those with diagnosed diabetes. Journal of Hospital Medicine 2014;9:365-371. V C 2014 Society of Hospital Medicine Hyperglycemia in hospitalized patients is frequently observed and is recognized as an important threat to the health of patients with varying levels of illness, independent of diabetes status. [1] [2] [3] [4] Previous studies have found that in-hospital hyperglycemia is associated with higher short-term mortality rates, [5] [6] [7] longer lengths of stay, and higher rates of admission to intensive care units. 4 In-hospital hyperglycemia may be the result of diabetes mellitus or stress associated with hospitalization.
The mechanism of stress hyperglycemia differs from diabetic hyperglycemia and can occur independently of diabetes status. 8 Stress hyperglycemia is characterized by rapid onset of insulin resistance, which normally takes months or years in diabetes mellitus. It develops in association with or because of other stressor such as infection or inflammatory processes. 9 To our knowledge, no long-term follow-up study on hospitalized patients with elevated glucose levels but without a diabetes diagnosis has ever been conducted. In this study, we measured the 1-and 5-year risk of mortality and diabetes-related diseases for hospitalized patients with a diabetes diagnosis compared with patients grouped according to their peak in-hospital serum glucose level. Our primary comparison was between patients with diagnosed diabetes and those with peak serum glucose >200 mg/dL (11.1 mmol/L), but we also examined 4 other categories of peak serum glucose: 140 to 200 mg/dL (7.8-11.1 mmol/L), 108 to 140 mg/dL (6.0-7.8 mmol/L), and <108 mg/dL (<6.0 mmol/L). 10 
Variable Definitions
We identified the index admission of the TOH cohort in the DAD using a unique encrypted health insurance number, admission and discharge dates, and the institution number. To avoid double counting, patients with the same encrypted health insurance number who were discharged from an institution and admitted to another within 2 days were classified as transfers and counted as 1 hospitalization. Each hospitalization was classified into 1 of 6 mutually exclusive diabetes status categories based on diagnostic codes, serum glucose test results, and pharmacy records. The "diagnosed diabetes" group included hospitalizations with any diagnostic code of diabetes in the discharge abstract or any order for a diabetes medication during hospitalization. Eligible medications included acarbose, acetohexamide, chlorpropamide, glibenclamide, gliclazide, glimepiride, glipizide, glyburide, insulin, metformin, nateglinide, pioglitazone, repaglinide, rosiglitazone, and tolbutamide. A chart validation study showed excellent ascertainment of diabetes status using these methods (correct classification 88.8%; 95% confidence interval [CI]: 85.7-91.3 with weighted kappa 5 0.89; 95% CI: 0.85-0.92). 11, 12 Patients without diagnosed diabetes were classified according to their peak serum glucose value during the index hospitalization: <108 mg/dL (<6.0 mmol/L), 108 to 140 mg/dL (6.0-7.8 mmol/L), 140 to 200 mg/dL (7.8-11.1 mmol/L), >200 mg/dL (>11.1 mmol/L); hospitalizations in which glucose levels were not obtained were classified as unknown. These peak serum glucose categories are based on the World Health Organization's definition of diabetes and poor glucose tolerance. 12 
Outcomes
The primary outcome was all-cause postdischarge mortality determined by linking the index admission to the RPDB. Secondary outcomes were CV complications, including: AMI (determined by linking to the OMID); hospitalization for CHF (determined by linking to the DAD for primary diagnosis of 425, 428, 514, 518. 4 
Analysis
We identified all encounters of cohort patients in any Ontario acute-care hospital within 5 years following the index discharge. Patients not covered by provincial health insurance (OHIP) were excluded.
We first measured crude mortality and morbidity rates by patient category (diagnosed diabetes and glucose levels). Next, we compared the unadjusted outcomes and baseline characteristics (age, sex, previous inpatient and emergency admissions, and disease at admission) between groups using a v 2 test for categorical variables and analysis of variance for continuous variables.
Due to the violation of proportional hazards, we used the Weibull accelerated failure time model to calculate the hazard of death associated with diabetes status or serum glucose level. Consistency of the probability plots confirmed appropriateness of using the Weibull function. Competing risk is defined as a type of failure that prevents the observation of the event of interest or fundamentally alters the probability of its occurrence. 13, 14 In the comorbidity analyses, death is a competing risk for all other outcomes. We calculated the multivariate competing risk hazard for each outcome of interest except death. Each model was adjusted for potential confounders: baseline risk of in-hospital mortality, common comorbidities, most responsible hospital service, and the number of previous inpatient admissions and emergency department visits to TOH in the previous 6 months. The probability of dying during the admission was calculated using the Escobar model, which predicts the in-hospital probability of dying using data available at the time of admission to the hospital. 15 The Escobar model has been validated in the study population. 16 The baseline probability of dying was based on age, sex, acuity of admission, primary condition, Charlson comorbidity score, 17 and the laboratory-based acute physiology score. 15 The Charlson comorbidity score was calculated using weights from Schneeweiss et al. 17 Kaplan-Meier survival curves were created for both adjusted and unadjusted models. Death was used as the main censoring variable when analyzing nonfatal outcomes at 1-and 5-year follow-up.
Adjusted models were constructed using a stepwise selection technique and compared with Akaike and Bayesian information criteria values. For all tests, significance was defined as a P value of 0.05 or less.
We recognize that the cohort may contain more than 1 index hospitalization per patient. However, repeated analyses using only the first or last encounter per patient produced nearly identical hazard ratios (HRs) and CIs. 194 ,641 nonpsychiatric and nonobstetric adults were admitted to TOH. Seventeen patients were excluded because they were ineligible for healthcare coverage and had no encounter with the Ontario healthcare system following discharge from hospital, and 11,175 of the admissions ended in death. The final cohort consisted of 114,764 unique individuals representing 183,449 encounters.
RESULTS
Patients had a mean age of 59.5 years (standard deviation: 18.0) and 48.9% were male. The baseline risk of dying during hospitalization was 4.8%. Table 1 describes patients by diabetes and peak serum glucose status. Patients with diagnosed diabetes were more likely to be older and male. Patients with elevated peak serum glucose (>200 mg/dL; >11.1 mmol/L) were younger than the diagnosed diabetes group and had a higher baseline probability of inhospital death (9.4%, 95% CI: 9.0-9.7). Patients in these 2 groups had more inpatient admissions within the previous 6 months compared to the groups with other peak serum glucose values.
Of the 5082 patients classified with a peak serum glucose measurement >200 mg/dL (11.1 mmol/L), 15% had 2 and 8% had more than 2 serum glucose measurements that exceeded this threshold. For the remaining patients (with 1 peak serum glucose measurement >200 mg/dL), 52% had additional serum glucose measurements over 140 mg/dL (7.8 mmol/L). Table 2 presents crude 1-and 5-year mortality and morbidity rates by patient group. The mortality rate is the percentage of patients who died within 1 year and 5 years of their index admission, with or without developing a CV complication. Morbidity rate describes the percentage who developed the complication among patients who survived after discharge or developed the complication prior to death within a 1-year and 5-year period. During the 1-year follow-up period, the crude mortality rate among patients with elevated peak serum glucose was higher than all other groups (25.4% vs 20.6% for diagnosed diabetes and 7.4% to 22.5% for other peak serum glucose levels; all P < 0.0001). For the 5-year follow-up, the gap between patients with elevated peak serum glucose and those with diagnosed diabetes lessened but remained significant (45.1% vs 41.7%; P < 0.0001). In the 1-year follow-up, patients with diagnosed diabetes had significantly higher morbidity rates than all other groups except for AMI. The difference in the rate of AMI for diagnosed diabetes and patients with elevated glucose was not statistically significant.
The 1-year adjusted hazard ratios for mortality and CV complications are presented in Figure 1 . After adjustment for baseline demographics and clinical and hospital factors, having a peak serum glucose level above 200 mg/dL (11.1 mmol/L) was an independent predictor of death. The mortality risk for this group in NOTE: Abbreviations: AA, acute appendicitis; AHD, atherosclerotic heart disease; CA, congenital agranulocytosis; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; HF, heart failure; IHD, ischemic heart disease; NSTEMI, non-ST-elevation myocardial infarction; OA, osteoarthritis; PVD, peripheral vascular disease; SD, standard deviation; UA, unstable angina; UTI, urinary tract infection.
*Statistically significant difference (P < 0.05) from diagnosed diabetes group. Figure 2 . Adjusted hazard ratios for morbidity showed a different pattern. Patients with diagnosed diabetes had a higher risk of developing complications in the year following discharge from the hospital (Figure 1 ). After adjusting for potential confounders, we found that patients with diagnosed diabetes had the same risk of AMI and CVD as patients with peak serum glucose levels above 200 mg/dL (11.1 mmol/L) (AMI, adjusted HR: 0.96; 95% CI: 0.78-1.18; CVD, adjusted HR: 0.79; 95% CI: 0.61-1.00) but a 36% to 57% higher AMI risk and 29% to 34% higher CVD risk than other peak serum glucose level groups. Compared to all peak serum glucose groups, patients with diagnosed diabetes had a significantly higher risk of developing CHF, PVD, and ESRD (Figure 1) . Similarly, the 5-year risk of AMI, CVD, CHF, PVD, and ESRD was higher for patients with diagnosed diabetes compared to all peak serum glucose groups (Figure 2) .
CONCLUSION/DISCUSSION
The study found that in-hospital hyperglycemia was a strong predictor of mortality at 1-and 5-years followup, even after adjustment using well-established and discriminating comorbidity measures. Extreme inhospital hyperglycemia was a stronger predictor of mortality than diagnosed diabetes.
Previous studies have shown that diabetes and stress hyperglycemia among hospitalized patients are important markers for poor clinical outcomes and inhospital mortality. 1, 2, 4 This study indicates that hospitalized patients with extreme hyperglycemia (peak serum glucose >200 mg/dL) were at a high risk of death for at least 5 years following discharge.
These findings, based on a large general sample of hospitalized patients, indicate that the extreme elevations in peak serum glucose convey a risk for all hospitalized patients, not only those with critical illness. 3, 18 Hyperglycemia appears to be an independent indicator of mortality risk and should be evaluated as a potential component within risk prediction tools. Further study is required to determine mechanisms for this risk association to identify what therapies, if any, might be used to minimize this risk.
The diagnosed diabetes group, which likely included some patients who also had extreme in-hospital hyperglycemia, had a lower 1-year risk of death than patients with hyperglycemia who did not have diabetes diagnosis. This may be an indication of the Classification of patients by several serum glucose levels (as opposed to a dichotomous classification, where hyperglycemia is either present or absent), showed that hyperglycemia constitutes a graded risk 5 for almost all outcomes examined, particularly mortality, AMI, and CVD.
Previous studies indicate that diabetes is observed in only 23% to 35% of hospitalized patients with hyperglycemia. 18, 19 We would expect higher risk for CV complications for patients with elevated glucose if the proportion of these patients who had undiagnosed diabetes was higher than the proportion estimated in the literature. However, we observed lower risk of CV complications (especially PVD and ESRD) for the elevated glucose group in the 1 and 5 years following discharge. In-hospital hyperglycemia is not equivalent to undiagnosed diabetes.
There are several potential limitations in this study. The first is our method for ascertaining CV complications. Diverse disease definitions are used in medical literature, and similar studies using different definitions may yield different results, though we would not expect to find a wide range of variation. Second, our study did not include information about severity of diabetes and the persistence of elevated glucose; if available, this knowledge may provide better insight into patient experiences, especially in long-term follow-up. Third, results are also limited by the absence of data on cause of death, a potentially helpful means of identifying posthospitalization difficulties experienced by patients with hyperglycemia. Fourth, this study mainly compares experiences of patients with elevated peak serum glucose level to diabetes patients; it would be worthwhile to explore the impact of lower gradations of glucose levels.
We would like to emphasize that we did not confirm diabetes diagnosis following discharge for patients with hyperglycemia. However, we did not observe a high rate of complications at 5-year followup, particularly for ESRD. This may be because most patients with in-hospital elevated glucose had early diabetes or transient hyperglycemia and therefore lower risk of long-term diabetes-specific consultations.
Hyperglycemia is an important independent indicator, carrying a greater risk for 1-and 5-year mortality than diagnosed diabetes. However, it is unclear whether hospitalized patients with elevated peak serum glucose have early diabetes or their hyperglycemia reflects hospital stress or another comorbidity concept.
